Comparison of thallium-201 single-photon emission computed tomography and electrocardiographic response during exercise in patients with normal rest electrocardiographic results  by Nallamothu, Nasaraiah et al.
830 JACC Vol. 25, No. 4 
March 15, 1995:830-6 
Comparison of Thallium-201 Single-Photon Emission Computed 
Tomography and Electrocardiographic Response During Exercise in 
Patients With Normal Rest Electrocardiographic Results 
NASARAIAH NALLAMOTHU,  MD, MASSROOR GHODS,  MD,  JAEKYEONG HEO,  MD, FACC,  
ABDULMASSIH S. ISKANDRIAN,  MD,  FACC 
Philadelphia, Pennsylvania 
Objectives. This study compared the diagnostic accuracy of 
exercise thallium-201 single-photon emission computed tomogra- 
phy (SPECT) with the exercise electrocardiographic (ECG) re- 
sponse in patients with normal baseline ECG results. 
Background. Previous studies comparing exercise thallium 
imaging with exercise electrocardiography ave included patients 
with abnormal rest ECG results that may have biased the results 
in favor of thallium imaging. 
Methods. Of 321 patients with a pretest likelihood of coronary 
artery disease of 70 -+ 29% (mean _+ SD) who underwent exercise 
stress testing and coronary angiography, 68 had no coronary 
artery disease; 94 had one-vessel disease; 79 had two-vessel 
disease; and 80 had three-vessel or left main coronary artery 
disease. 
Results. The diagnostic accuracy of SPECT was higher than 
that of the ECG response (79% vs. 49%, p < 0.0001). Patients with 
extensive (left main or three-vessel) coronary artery disease were 
older and had a lower work load, lower heart rate, greater ST 
segment depression and more extensive perfusion abnormalities 
than patients with no disease or one- or two-vessel disease. 
Multivariate discriminant analysis of exercise and thallium vari- 
ables identified multivessel thallium abnormalities (F = 35), 
exercise heart rate (F = 18) and extent of ST segment depression 
(F = 6) as independent predictors of extensive disease. Of the 80 
patients with left main or three-vessel disease, 37 (46%) had 
_>2-mm ST segment depression, 44 (55%) had multivessel SPECT 
abnormalities, and 61 (76%) had either >2-mm ST depression or 
multivessel SPECT abnormalities (p = 0.0005 vs. the ECG 
response; p = 0.01 vs. SPECT). 
Conclusions. In patients with an intermediate to high pretest 
probability of coronary artery disease and normal baseline ECG 
results, SPECT is superior to the ECG response in detecting 
coronary disease. Further, SPECT provides incremental power in 
identifying patients with extensive (left main or three-vessel) 
coronary disease. 
(J Am CoU Cardiol 1995;25:830-6) 
Previous studies (1-13) have shown that exercise perfusion 
imaging is superior to exercise-induced ST segment shifts 
(depression or elevation) in detecting coronary artery disease. 
The use of computer-assisted quantitative analysis of planar 
images and single-photon emission computed tomography 
(SPECT) have improved the ability to detect multivessel 
disease (14-21). It may be argued that the superiority of 
perfusion imaging over the electrocardiographic (ECG) re- 
sponse may be related to patient selection. For example, 
inclusion of patients with baseline ECG abnormalities may 
artificially enhance the accuracy of perfusion imaging. Because 
exercise ECG stress testing is considerably ess expensive than 
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exercise perfusion imaging, it is important o compare these 
two methods in patients with normal baseline ECG results. 
The present study therefore compared these two methods 
of exercise testing in a large number of patients who also 
underwent coronary angiography. Another objective was to 
examine the differences in each method with regard to the 
ability to identify high risk patients with extensive coronary 
artery disease. 
Methods  
Patient population. The patients included in this study 
were identified from our computer data base according to the 
following criteria: 1) exercise thallium SPECT and coronary 
angiography within 3 months of each other; and 2) normal 
baseline ECG results (no evidence of previous myocardial 
infarction, conduction defects, ST-T wave changes, pre- 
excitation or pacemaker rhythm). Patients taking digitalis were 
excluded from the study. No patient had undergone coronary 
revascularization r had valvular or congenital heart disease or 
primary cardiomyopathy. During the same time period, 2,159 
patients with normal baseline ECG results underwent exercise 
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thallium SPECT but not coronary angiography. Of these 2,159 
patients, 338 (16%) had positive, 1,424 (66%) negative and 397 
(18%) nondiagnostic exercise ECG results. The SPECT results 
were normal in 1,620 patients (75%) and abnormal in 539 
(25%). The pretest probability of coronary artery disease 
(based on age, gender, symptoms and coronary risk factors) 
was 51 _+ 33% (mean _+ SD) in patients without and 70 _+ 29% 
in those with coronary angiography (p < 0.001). 
Coronary arteriography. Coronary arteriography was per- 
formed in multiple projections using standard techniques. 
Degree of coronary artery stenosis was visually assessed by two 
experienced angiographers unaware of the exercise test find- 
ings. Significant coronary stenosis was defined as ->50% diam- 
eter narrowing in any of the major coronary arteries or their 
major branches. 
Exercise testing. All patients underwent symptom-limited 
treadmill exercise testing in the fasting state according to the 
Bruce protocol. Nitrates, beta-adrenergic and calcium-channel 
blocking agents were withheld on the morning of the test. 
Three ECG leads were monitored continuously; a 12-lead 
ECG and blood pressure measurements were obtained at 
baseline and at 1-min intervals during exercise and for 5 min 
afterward. Exercise nd points were excessive fatigue, dyspnea, 
dizziness, moderate to severe angina, hypotension, ->2-mm ST 
segment depression or significant arrhythmia. Exercise ECG 
results were considered positive for ischemia when there was 
-> 1-mm downsloping or horizontal or -> 1.5-mm upsloping ST 
segment depression measured at 80 ms after the J point for at 
least 3 consecutive beats during or after exercise (22,23). 
Exercise ECG results were considered nondiagnostic if there 
was no change from those at baseline, but the patient did not 
achieve ->85% of maximal predicted heart rate. No patient in 
this study had ST segment elevation. Onset, duration and 
site(s) of ST segment depression were also noted, as previously 
described (23). In addition, occurrence of angina during exer- 
cise or a hypotensive r sponse was also noted (22,24). 
Thallium-201 SPECT perfusion imaging. At peak exercise, 
3 mCi (111 MBq) of thallium-201 was injected intravenously, 
and patients were encouraged to exercise for an additional 
minute before termination of the test. Our method for SPECT 
imaging has been previously described in detail (10,13,22,25- 
28). Initial (5 to 10 min after exercise) and delayed (4 h later) 
images were acquired using a circular orbit over a 180 ° arc 
starting at the 45 o right anterior oblique projection and ending 
at the 45 o left posterior oblique projection. Each of 32 projec- 
tions was acquired using a 64 x 64 matrix for 40 s/image. 
Standard filtered back-projection technique was applied using 
a ramp-Hanning filter with a cutoff requency of 0.83 cycles/cm 
to generate transaxial slices. No scatter or attenuation correc- 
tion was used. From these transaxial images, the long axis of 
the left ventricle was identified, and obliquely angled images 
were generated in the short-axis and vertical and horizontal 
long-axis orientations. The initial and 4-h delayed images were 
interpreted in blinded manner as previously described by two 
experienced observers (A.S.I., J.H.) (10,13,25,26). The inter- 
pretation included the presence and nature (fixed or revers- 
Table 1. Demographics of 321 Study Patients 
Age (yr) 57 -+ 10 
Gender (M/F) 241/80 
Chest pain syndrome 
Typical angina 99 (31) 
Atypical angina 115 (36) 
Medications 
Beta-blockers 127 (40) 
Nitrates 126 (39) 
Calcium-channel blockers 172 (54) 
Coronary. risk factors 
Hypertension 133 (41) 
Diabetes mellitus 37 (12) 
Smoking 70 (22) 
Family history of CAD 196 (61) 
Data presented are mean value _+ SD or number (%) of patients. CAD - 
coronary artery disease; F = female; M = male. 
ible) of perfusion defects, site (vascular territory) of perfusion 
abnormality, size of perfusion defect (by polar maps), lung 
thallium uptake and left ventricular dilation. The raw images 
were reviewed in a cine film format for patient motion and 
breast attenuation artifacts. Gender-specific normal files were 
used for comparison i some patients with subtle abnormali- 
ties. Multivessel thallium abnormalities were considered 
present when there were perfusion defects in more than one 
vascular territory (10,22,28-30). 
Statistical analysis. Data are presented as mean value _+ 
SD. The chi-square and Student t tests were used when 
appropriate. Stepwise discriminant analysis was used to deter- 
mine predictors of left main or three-vessel coronary artery 
disease. At each step, the variable was entered that contributed 
most to the discriminatory power of the model as measured by 
Wilks' lambda, the likelihood ratio criterion, until no addi- 
tional power of discrimination was obtained. A p value <0.05 
was considered statistically significant. Sensitivity, specificity, 
positive and negative predictive values and overall accuracy 
were derived as previously described (31). 
Results 
Demographic data are presented in Table 1. There were 
241 men and 80 women, mean age 57 _+ 10 years. There were 
68 patients with no disease and 94 with one-, 79 with two-, and 
80 with left main or three-vessel coronary artery disease. Mean 
left ventricular ejection fraction was 67 _+ 11%. Results of 
treadmill exercise testing are shown in Table 2. There were 121 
patients with angina during exercise, 125 with ST segment 
depression (97 men, 28 women) and 31 with a hypotensive or
blunted blood pressure response during exercise. A hypoten- 
sive response was defined as ->20-mm Hg decrease in blood 
pressure from baseline or earlier measurement; a blunted 
response was defined as an increase <20 mm Hg throughout 
exercise (24). Results of SPECT are shown in Table 3. There 
were 227 patients (71%) with abnormal SPECT results, 205 
(64%) with reversible defects and 120 (37%) with multivessel 
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Table 2. Results of Treadmill Exercise Test 
CAD No CAD p 
(n - 253) (n = 68) Value 
Exercise duration (min) 7.4 + 2.8 7.8 + 2.9 NS 
Exercise work load (METs) 8.0 -+ 2.8 8.7 -+ 3.1 NS 
Exercise HR (beats/rain) 131 -+ 23 i47 _+ 23 0.0001 
Exercise systolic BP (mm Hg) 171 + 25 179 -+ 23 0.02 
Exercise ECG response 0.001 
Positive 117 (46) 11 (16) 
Negative 57 (23) 40 (59) 
Inconclusive 79 (31 ) 17 (25) 
Angina during exercise 121 (42) i6 (24) 0.006 
Hypotensivefolunted BP 31 (12) 0 (0) 0.01 
response 
ST segment depression 
1-1.9 mm 44 (17) 4 (6) 0.03 
->2 mm 71 (28) 6 (9) 0.002 
Onset (rain) 4.6 -+ 2.6 4.8 _+ 3.5 NS 
Duration (min) 7.5 -+ 3.9 8.0 = 4.3 NS 
Site 
Anterolateral 28 (11) 2 (3) NS 
Inferior 11 (4) 0 (0) NS 
Both 76 (30) 8 (12) 0.01 
Data presented are mean value _+ SD or number (%) of patients. BP - 
blood pressure; CAD = coronary artery disease; ECG = electrocardiographic; 
HR = heart rate; METs = metabolic equivalents. 
defects. Most patients with coronary artery disease and abnor- 
mal SPECT results had reversible defects (186 [90%] of 206). 
Comparison of ECG response and SPECT. The results of 
the ECG response and SPECT are shown in Table 4 and 
Figure 1. Thallium SPECT was more sensitive than the ECG 
response in the total group of patients and in patients with one- 
(71% vs. 39%, p = 0.0001), two- (85% vs. 46%, p = 0.0001) 
and three-vessel coronary artery disease (90% vs. 55%, p < 
0.0001). In patients with nondiagnostic exercise ECG results as 
a result of a submaximal heart rate response (17 patients 
without, 79 with coronary artery disease), sensitivity and 
specificity of SPECT were 75% and 76%, respectively. In the 
remaining patients with diagnostic exercise ECG results, sen- 
sitivity and specificity of the ECG response were 67% and 
78%, respectively. Left main or three-vessel disease was 
Table 3. Results of Exercise Single-Photon Emission Computed 
Tomographic Thallium-201 Imaging 
No 
CAD CAD p 
(n - 253) (n = 68) Value 
Abnormal SPECT results 206 (81) 21 (31) 0.001 
Reversible defects 186 (74) 19 (28) 0.001 
Multivessel defects 109 (43) 11 (16) 0.001 
LV dilation 32 (13) 1 (1) 0.02 
Increased lung thallium uptake 55 (22) 2 (3) 0.001 
Size of perfusion defect I5 _+ 12% 1 + 3% 0.0001 
Data presented are mean value _+ SD or number (%) of patients. CAD : 
coronary artery disease; LV = left ventricular; SPECT = single-photon emission 
computed tomographic. 
Table 4. Comparison fElectrocardiographic Response and 
Single-Photon Emission Computed Tomography 
Positive Negative 
Predictive Predictive 
Sensitivity Specificity Accuracy Value Value 
ECG response*? 46% 59% 49% 81% 23% 
SPECT results 81%t 69% 79%? 91%~: 50%? 
*In patients with diagnostic exercise results (positive or negative only), 
sensitivity, specificity and positive and negative predictive values of the electro- 
cardiographic (ECG) response are 67%, 78%, 91% and 41%, respectively, tP < 
0.0001, :~p < 0.01 versus the ECG response. SPECT = single-photon emission 
computed tomographic. 
present in 30 (43%) of 79 patients with ->2-ram, 14 (29%) of 49 
with l-ram and 36 (16%) of 193 with no ST segment depres- 
sion. The number of women, especially those with no disease, 
was small, and therefore gender differences in sensitivity and 
specificity of the ECG response and SPECT were not analyzed. 
These have been reported elsewhere (32). 
Prediction of extensive coronary artery disease. There 
were 80 patients with left-main or three-vessel disease, and 241 
with no disease or one- or two-vessel disease by angiography. 
The important differences between patients with extensive (left 
main or three-vessel) and less extensive or no disease are 
shown in Table 5. The 80 patients with extensive disease had a 
lower exercise work load and exercise heart rate and greater 
ST segment depression than the remaining 241 patients. They 
also had more extensive perfusion defects. Stepwise multivari- 
ate discriminant analysis of the variables in Table 5 showed 
several to be predictive of extensive disease (Table 6). How- 
ever, by multivariate analysis only three variables were inde- 
pendent predictors: multivessel SPECT perfusion abnormali- 
ties (F = 35), exercise heart rate (F = 18) and extent of ST 
segment depression (F = 6). Of the 80 patients with left main 
or three-vessel disease, 37 (46%) had ->2-mm ST segment 
depression, 44 (55%) had multivessel SPECT abnormalities, 
and 61 (76%) had either ->2-ram ST segment depression or 
multivessel abnormalities (p = 0.0005 vs. ECG response; p -- 
0.01 vs. SPECT) (Fig. 2). 
Discuss ion  
The results of the present study show that in patients with 
normal rest ECG results and adequate level of exercise, 
SPECT is superior to the ECG response in detecting coronary 
artery disease. There were other important conclusions: 
1) 30% of patients had nondiagnostic exercise ECG responses 
as a result of submaximal stress. Exercise SPECT had a 
diagnostic accuracy of 75% in these patients. 2) SPECT added 
incremental power to the ECG response in predicting patients 
with extensive (left main or three-vessel) disease. 3) As pre- 
dicted on the basis of the Bayes theorem, a positive response in 
patients with an intermediate o high pretest likelihood of 
disease is most likely to be a true positive response, whereas a
negative response has a 50% probability of being a false 
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Figure 1. Sensitivity of thallium single-photon emission 
computed tomography (solid bars) and the electrocardio- 
graphic (open bars) response in patients with one- (1VD), 
two- (2VD) and three-vessel (3VD) coronary, artery dis- 
ease. 
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negative response. However, previous tudies (13) have shown 
that patients with coronary artery disease and normal exercise 
SPECT results have a benign prognosis with medical therapy. 
Thallium SPECT versus ECG response. The recognition 
of coronary artery disease by perfusion imaging requires the 
demonstration f a difference in regional tracer concentration, 
which is a marker of differences in regional myocardial blood 
flow. This disparity in tracer concentration is probably better 
appreciated and quantified by SPECT than planar imaging 
because SPECT is inherently three dimensional (17-19,25,26). 
However, the presence of ST segment depression suggests 
actual myocardial ischemia (31). The disparity between 
SPECT and ECG results suggests that flow disparity is more 
common than ischemia (33-36). The higher sensitivity of 
SPECT versus the ECG response is consistent with this 
hypothesis. 
Previous studies, Studies over the past two decades (1- 
10,17,19-21,33-46) have consistently shown the superiority of 
exercise perfusion imaging over the ECG response in detecting 
coronary artery disease (Table 7). The inclusion of patients 
with an abnormal rest ECG response in many studies may have 
potentially contributed tothe observed ifference because they 
may have underestimated ECG changes and overestimated 
perfusion abnormalities. New ST segment changes are more 
difficult o detect in the presence of an abnormal baseline ECG 
response, but peffusion defects may be more common because 
some may be fixed rather than reversible, consistent with 
previous myocardial infarction. Therefore, in most studies the 
presence of a reversible or fixed perfusion defect is considered 
an abnormal imaging result. However, it should be noted that 
some fixed defects may show reversibility by 24-h delayed or 
Table 5. Patients With Left Main or Three-Vessel Coronary, Artery Disease by Angiography Versus 
Those With No Disease or One- or Two-Vessel Disease 
Pts With No CAD 
Pts With Left Main or One- or Two- 
or Three-Vessel Vessel CAD p 
CAD (n 80) (n = 241) Value 
Age (yr) 61 _+ 10 56 _+ 10 IJ.0U1 
Gender (M/F) 65/15 176/65 NS 
Exercise work load (METs) 7.7 _+ 2.7 8.3 _+ 2.9 0.08 
Exercise HR (beats/min) 124 + 25 138 + 23 0.0001 
ST segment depression 
Extent (mm) 1.3 _+ 1.3 0.7 _+ 1.0 0.0001 
Onset (rain) 4.5 + 2.2 4.9 - 2.7 NS 
Duration (rain) 6.2 _+ 4.5 4.7 m 5.2 0.02 
Hypotensive/qglunted BP response 17 (21%) 13 (5%) 0.0001 
SPECT results 
Size of perfusion defect 18 + 12 10 + 11 0.0001 
No. of abnormal vascular territories 1.7 _+ 0.9 1.0 _+ 0.9 0.0001 
LV dilation 15 (19) 18 (7) tl.01 
Increased lung thallium uptake 25 (31) 33 (14) 0.004 
Data presented are mean value _+ SD or number (%) of patients (Pts). Abbreviations as in Tables 1 to 4. 
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Table 6. Results of Multivariate Discriminant Analysis to Predict 
Left Main or Three-Vessel Coronary Artery Disease in Patients 
With Adequate Level of Exercise 
F Value p Value 
Exercise variables 
Exercise HR 20 0.0001 
Extent of ST segment depression 16 0.0001 
SPECT multivessel abnormalities 33 0.0001 
Combined ECG/SPECT variables 
Multivessel abnormality 35 0.0001 
Exercise HR 18 0.0ll01 
Extent of ST segment depression 6 0.02 
Abbreviations as in Tables 2 and 3. 
reinjection imaging (47,48). Most of the patients in the present 
study had reversible defects. 
Gibbons et al. (49) reported that the prognostic power of 
treadmill exercise testing is comparable to that of exercise 
radionuclide angiography in patients with a normal rest ECG 
response. The difference in cost between treadmill testing 
alone and combined with perfusion imaging is considerable. 
Therefore, it is important to determine the relative merits of 
both tests in today's cost-conscious health delivery system. Our 
results show that thallium SPECT is of greater prognostic 
value than the ECG response in detecting coronary artery 
disease. These results also suggest that myocardial blood flow 
abnormalities during exercise occur early and may be detected 
by perfusion imaging before true ischemia occurs. The ECG 
response in patients with adequate l vel of exercise is compa- 
rable to that reported by meta-analysis (50). There was more 
evidence of ischemia (by ECG response and SPECT) in 
patients with left main or three-vessel disease than in the 
remaining patients. Further, SPECT provided incremental 
power to predict hose patients with extensive disease. These 
results are consistent with our recent report (13) of the 
[]  No MVTA 
' '..iimlPi£ 'l 
K 20- ' r~ ' ,me i J t l J .  f 
1 ~_>14o Ex HR(bpm) 
ST (mm) o 
Figure 2. Three-dimensional relation of exercise heart rate (Ex HR), 
ST segment depression a d single-photon emission computed tomog- 
raphy with extent of coronary artery disease, bpm = beats/rain; LM = 
left main coronary artery disease; MVTA = multivessel thallium 
abnormalities; Pts = patients; 3VD - three-vessel coronary disease. 
independent and incremental prognostic power of thallium 
SPECT in patients with coronary artery disease. In that study, 
the size of the perfusion abnormality was the strongest predic- 
tor of future cardiac events (death or nonfatal myocardial 
infarction). 
Study limitations. It is likely that selection bias may have 
influenced our results, that is, few patients with normal results 
underwent cardiac atheterization. For example, only 94 (5%) 
of 1,714 patients with normal SPECT results underwent coro- 
nary angiography compared with 227 (30%) of 766 patients 
with abnormal SPECT results (p = 0.0001). Also, of 2,159 
patients with a normal baseline ECG response who also 
underwent exercise SPECT but not coronary angiography, 
66% had a negative xercise ECG response, and 75% had 
normal SPECT results. This may explain the low specificity of 
SPECT and the ECG response. The coronary angiograms were 
interpreted qualitatively, and significant stenosis was defined 
Table 7. Summary ofPrevious Studies of Exercise Thallium-201 Imaging* 
Study Sensitivity Specificity 
No. of ECG ECG Rest 
Reference Year Pts Imaging Response Imaging Response Imaging Abnormality 
Bailey et al. (1) 1976 83 Planar 38% 56% NA 100% 50% 
Ritchie et al. (2) 1977 101 Planar 45% 66% NA 92% 21% 
Botvinick et al. (3) 1078 65 Planar 67% 85% 63% 89% 48% 
Carrillo et al. (33) 1978 55 Planar 91% 83% 20% 100% 54% 
Ritchie et al. (37) 1978 190 Planar 42% 78% NA 88% 9% 
Dash et al. (6) 1979 96 Planar 52% 81% 40% 87% 18% 
Bodenheimer tal. (38) 1979 75 Planar 58% 82% 84% 89% 20% 
McCarthy et al. (35) 1979 128 Planar 88% 87% 85% 85% 30% 
Iskandrian et al. (7) 1981 194 Planar 41% 80% 53% 96% 18% 
Josephson et al. (39) 1982 33 Planar 63% 84% 33% 68% 30% 
Detrano et al. (40) 1984 154 Planar 70% 68% 68% 81% 0% 
Fintel et al. (9) 1989 112 SPECT 52% 80% 44% 81% 35% 
Iskandrian et al. (10) 1989 330 SPECT 38% 88% 52% 62% 26% 
*Several excellent previous studies are not included here because they failed to indicate whether est electrocardiographic (ECG) results were abnormal 
(4,5,8,13,17,19-21,36). References 1,2, 3 and 6 report studies performed using planar imaging and a separate stress and rest study. Reference 35 reported planar 
imaging using a cu, stal gamma camera nd stress redistribution images. NA = not available; SPECT = single-photon emission computed tomography. 
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as ->50% diameter stenosis. There are strong reasons to 
believe that such assessment is not valid in predicting the 
hemodynamic consequences ofa given stenosis. Further, even 
when the stenosis is measured quantitatively, there are wide 
ranges of reactive coronary hyperemia for any given degree of 
stenosis (51). A less than perfect correlation between angiog- 
raphy and SPECT is therefore xpected. In fact, it is for this 
very reason that SPECT provides independent and incremen- 
tal prognostic information to that provided by coronary an- 
giography (13). The low specificity of SPECT (false positive 
responses) remains the "Achilles heel" of nuclear imaging. 
The reasons are multiple: Some are due to patient selection 
(posttest referral bias), underestimation f coronary stenosis 
severity, coronary spasm during exercise or noncoronary 
causes of myocardial ischemia (e.g., hypertrophic cardiomyop- 
athy); others are related to technical reasons, such as soft 
tissue attenuation, patient motion and reconstruction prob- 
lems. With experience and quantitative methods, uch artifacts 
may be recognized and minimized. It has been shown that 
thallium SPECT during pharmacologic vasodilation has a 
much higher specificity (without compromising sensitivity), 
possibly because the image quality is better (higher coronary 
flow during coronary vasodilation than during exercise) and 
fewer motion artifacts (52). Also, SPECT with technetium- 
labeled perfusion imaging agents, such as technetium-99m 
sestamibi (which has a higher energy level than thallium-201), 
is associated with better specificity (53). In the very near future, 
it will be possible to use attenuation correction algorithms 
similar to those used in positron emission tomography to 
further improve the specificity of SPECT. In patients with 
exercise limitations, pharmacologic stress testing using adeno- 
sine or dipyridamole SPECT perfusion imaging is an alterna- 
tive stress modality that provides diagnostic accuracy compa- 
rable to maximal exercise testing. 
We thank Josette Costello for secretarial ssistance in the preparation of the 
manuscript. 
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